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A capillary gas chromatographic analysis with vaporisation injection of the sample is carried out by injecting the sample into an 
injector heated at a temperature at least equal to the boiling temperature of the most high-boiling compound, selecting an injection speed 
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PROCESS AND DEVICE FOR GAS CHROMATOGRAPHIC ANALYSIS OF LARGE 

VOLUME SAMPLES . 

BACKGROUND OF THE INVENTION - - - - 

FIELD OF THE INVENTION 

The present invention relates to a process and a device 
for gas chromatographic analysis by injecting large 
volumes of samples containing compounds in traces, i.e. of 
samples having a small amount of compounds dissolved in a 
large amount of solvent. Namely, the invention relates to 
the analysis by using splitless injection mode for the 
compounds dissolved in the solvent, and particularly for 
injected samples volumes exceeding 5 microliters and 
separated by using capillary columns. 
DESCRIPTION OF THE PRIOR ART 

As it is well known, two main methods for sample injection 
in gas chromatographic analysis are presently used, 
alternatively applied according to the analytical modes 
foreseen: vaporization injection arid non vaporising direct 
on column injection, the so-called "cold on-column 
injection" . 

In the vaporization injection two different injection 
modes are used : the split mode and the splitless one , 
namely in absence of splitting. The sample injection is 
generally performed by means of a syringe. The syringe 
needle injects the sample through an elastomeric membrane 
(septum) into a glass liner positioned inside the 
vaporization chamber . In split injections, a considerable 
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amount of the whole injected and vaporised sample is 
eliminated to the atmosphere through the splitting line; 
this .kind of injection is used for relatively, concentrated 
samples in order to avoid to introduce into the capillary 
gas chromatographic column too large amounts of sample; in 
-the split injection glass liners filled with glass wool or 
a packing are commonly used.. 

If the concentration of the compounds to be analysed is 
low, it is necessary to use the other in jection mode , the 

...splitless one. This injection mode implies" the"" transfer 
into the column of all .the vapours of the sample 
components to be analysed in order to achieve the required 

" sensitivity. 

The conventional splitless injection takes place at 
constant temperature, such to allow the vaporization of 
all sample components , and therefore at a temperature 
definitely higher than the solvent boiling point. 
The vapours of the sample," components, solvent include 
are sent to the column during a preset time period called 
splitless time. During this period the vapours of the 
sample compounds are quantitatively transferred to. the 
column . • . _____ ' ■ .' • • . _ 


Once this time is elapsed, the splitting valve ( located in 
the lower portion of the injector ) is opened and .the 
excess of solvent,., that has not been transferred into the 
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column, is discharged to the atmosphere . 

The splitless injection is usually performed by using 
empty glass liners* However, the use of glass liners with 
a glass wool cap was mentioned {Wylie et al ; - Journal of 
High Resolution Chromatography 649-655 - Vol. 14, October 
1991 ). According to said publication, the glass wool 
"seems to reduce discrimination, but can give rise to 
active sites that enhance the adsorption of pol.ar 
compounds and catalyse the decomposition of labile 
molecules" . 

In order to avoid processes of discrimination of the 
heaviest components that take place in the conventional 
splitless injection , an injection technique with 
vaporization at programmed temperature ( PTV ) has been 
developed. 

According to this technique the sample injection is 
carried out under cold conditions, at a starting 
temperature below the solvent boiling point and under a 
flow of carrier gas. Once the injection is performed, the 
injector body is heated in a programmed way to allow 
vaporization and transfer to the column the sample 
components. 

It is thus possible to partially eliminate the. solvent 
through a multi-step heating of the vaporiser chamber (PTV 
solvent splitting technique). To eliminate the solvent the 
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vaporiser is heated to an intermediate temperature near, 
the solvent boiling, point before heating it to higher 
temperatures, for transferring heavier sample compounds 
into the capillary column. 

At thi s intermed i at e temperature the so 1 vent is eliminated/ 

in backfluish , through another valve (PTV solvent ^splitting 
or PTV solvent backf lushing ). - . ^ 

The PTV solvent splitting technique was used for injection :* 
- ° f - large^ volumes -^of~ sample ( solvents ) by Vogt et ; al ; j ; ~ r J: 
Chromatogr. 174 (1979) 437 and by Termonia, Leumblez and ' 
Munari HRC & CC 11 . ( 1988 ) 890 . • • 

Another PTV injection system, for large amounts of sample 
is based on the solvent vaporization by the n overflow 
technique" type and is disclosed in European patent ' 
, a ?eM c: ^ i ^? i: ^461438, ^corresponding US Patent n. •' 'A- 
5,174,149, both filed by the present applicants. 
In this technique the injector vapori zatipn, c h amber , of 
PTV type, is -packed with a suitable material and heated to 
a starting temperature near the solvent boiling point . The * 
sample , injection is performed in temporary, absence, of 
carrier _gas and linspl it less configuration . - .- -— - 


Under said conditions, the. sol vent vapours escape to the 
atmosphere through the overflow valve placed on the purge 
line and located in the upper, portion of the vaporiser ' 
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chamber while the, higher boiling components of the sample 
remain on the. packing/ 

After a certain time the carrier gas flow through the 
vaporizing chamber is reactivated and the chamber 
temperature is increased to allow vaporization of said 
components and their passage into the chromatographic 
colums . During this transfer the vaporising chamber is 
kept in splitless configuration. 
OBJECTS OF THE INVENTION ' < 

It is an object of the present invention to provide a 

process that allows to perform, the vaporising injection of 

. • . » t- ' ; ...... ' < ' . * ' 

up to 2 ml of sample with a high injector temperature. 

A further object of the invention is to provide an 

injector device for carrying out the above mentioned 

process • 

SUMMARY OF THE INVENTION 

Said objects are achieved by means of the present 
invention, that concerns a process to, perform a gas 
chromatographic analysis through a capillary column, of 
the type comprising the splitless vaporization injection 
of the sample in a heated injector containing packing 
material, characterized in that it comprises the steps of: 
heating said injector at a temperature sufficient for 
vaporization and full transfer into the column of the most 
high boiling part of the sample to be analysed; 


closing the carrier gas feeding to said injector; 
selecting and/or programming a speed of injection within 
the range from 1 yl/s to' 50G-yl/s; 

perf drming^the sample injection at the selected .programmed 
speed ; - '. 

rr.Tdi" s'c h a f "gXrvg- "so lVe¥t" vapours ".form e^™ t H ^oTifg hT~ a "vapour", 
/discharge line present in said injector, modifying the 
flow rate through said discharge means and .feeding again 
^sai'd .carrier gas to' the /injector when t he -s o 1 vent 
: - evaporation is- substantia-lly over , - in order - to transfer- 
the compounds to be analysed from said injector to a gas 
chromatographic capillary so.lumh . , ^ 
> According* to a preferred, feature of the invention , the. 
injection speed is within the range from 10 to 200 pl/s. 
A f u r t her o b j e c t o t > t h e present invention is a 
; gas.ch ro m.atqg.r ap.h.i c^ in j ectjqr ; device '.for . inje ction of 
samples having compounds dissolved in liquid solvent 
means, comprising: a vaporization chamber closed by a 
septum, and connected, on the opposite side, to a . gas 
chromatographic column; heating means for heating said 
chamber; inlet means , to feed carrier gas to the upper 
^portion- of said~-chamber~;^~at 

means connected to the upper portion of said chamber to 
discharge vapors of said solvent and comprising an exhaust 
line,; inert t packing, material or liquid intercepting means 
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having reduced thermal mass located, within said ... 
vaporization chamber; heating means to heat the upper 
portion of the injector, the septum and a first portion of 
the exhaust duct, at a. temperature higher than that of 
recondensat ion of the solvent vapours* 

In a preferred embodiment, the injector is provided with 
means to select and/or program the injection speed of the 
sample to have an injection speed of 10 to 200 ul/s. 
According to another preferred feature of the invention, 
the inert materials are constituted by glass wool or 
quartz wool treated to make it inert or deactivated, for 
instance according to the method that will be described 
hereiribelow. Alternatively, it is possible to use a^ 
material that,* besides having low thermal mass, has an 
effect. of chromatographic retention on the substances to 
be analysed, specially at the low temperatures caused by 
the solvent evaporation. A suitable material is granular 
poly ( para-2 , 6-diphenylphenylene oxide) (Tenax - AKZO 
Registered Trademark). 

The above mentioned liquid intercepting means is used as 
an alternative to packing material, for stopping the 
injected liquid sample and retaining it within the 
vaporization chamber until complete evaporation of the 
sample. This mens may be . an insert fitted as a plug of 
glass or other inert material having a high thermal mass, 
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into the 1 iner / The insert can intercept the passage ' of 
liquid but allow the passage of vapours and ; * when . heated 
will act according .to the Leidenfrost phenomenon until the 
end of solvent vaporization. 

BRIEF DESCRIPTION OF THE DRAWINGS : ; 

The invention - will —be- - now- descr ibed — more' in "detail ^wrth 

reference to the accompanying drawings, given by way of 
illustration and with no limiting purposes, where: 

- figures 1 to 3 are schematic representations,; of the 
in jector : port ion tof a „ device .according to the .invention . 
during three different stages of the/process according to 
the present invention ; 

- figure 4 is a graph showing .the temperature course in 
the .zone of the sample in j ec t ion - and vaporisation ; 

- figure 5 is a perspective , partially sectional view of a 
further embodiment of a detector according to the 
invention; " 

- figure 6 is a schematic view of another embodiment of 
the invention; 

- figures 7 to 9 are chromatograms of GC analyses. 
DESCRIPTION OF THE PREFERRED. EMBODIMENTS ^ 
With reference first to figure 1, the injector device 


according to the invention comprises, in a known way an 
injector 1 , provided with means r 1 ' , 18 for heating the 
same (disclosed in fig. 5), .that is connected upstream to 
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a duct 2 for carrier gas feeding and downstream to a 
capillary column 3. The injector vaporization chamber is 
provided with a packing 4 that can be made by inerts alone 
or by inerts provided with stationary phase coating for 
the retention of the compounds present in the sample. 
Examples of materials that can be used are glass wool and 
Tenax (registered trademark.) . 

The injector 1 is also connected to vapour discharge 
means, comprising three-way valve 6 and a first exhaust 
line 5, called "solvent vapours purge line" " having low 
fluidic resistance and therefore ensuring high flow rates, 
and to a second purge line 7, i.e. the "septum purge line" 
having higher fluidic resistance, and consequently lower 
flow rate. The resistance of this line is adjusted by 
means of a needle valve and is selected so as to insure 
flow rates of the same order of magnitude as those passing 
through the column 3. An on-off valve 10 of the needle 
type is positioned on the second purge line 7 to close it 
when required. 

Duct 2 is provided with a valve 8 to cut out the carrier 
flow to the injector according to the, hereunder described 
procedure. In the lower portion of the injector there is 
provided a splitting line 9,, also known per se in the art, 
on which an on/off needle valve 11 is provided. 
According to the process of the invention, to perform the 
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splitless. analysis (i.e. in absence of splitting.) of a 
sample having high volume, namely up to 2 ml, injector 1 
is heated up to 'a. temperature sufficient to vaporising and 
transferring into the GC column the most high-boiling part " 
of -the sample • to be anal i z ed ( typi cally : 2 00-35 O'C j . Then 

provided with a. needle 12 that is introduced into the. - 
packing 4 in::a position that . is a function of- the type of ' 
solvent used 'and such as to avoid to introduce liquid 
... sample Jnto the . column 3.. Means for-sample introduction at - 
programmable speed will be preferably used. 

According to the present invention, the injection is 
carried , out at a. speed value that ranges between i and 500, 
ul/secondy Preferential values, are those ranging between 5 
and "200. ul/sec. - • .., 

As soon the liquid sample is i n j e c ted i n't p ; packing ' *. { '■ ' 

material 4, solvent evaporation and the resulting cooling / 
of the picking material area, surrounding the injection f " 
point occurs, as generally shown in figure .4 .by the .'curve . 
between, points A and B. If is important to perform this V 
step as fast as possible from the beginning of injection, 
(point 'A of figure 4), in order to reach as soon as 
possible the condition , of balance represented by ,the 
straight line B^C of figure 4 .. An appropriate. injection 
speed for the stage A-B is above 100 ul/sec . 
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During this second step there is a substantial balance 
between the volume of injected sample and evaporated 
solvent, and the injection speed is kept constant in order 
to avoid that an excessive volume of liquid sample 
accumulates in the injector and enters the column 3 
therefrom. The injection- speed in this stage is preferably 
from 10 to 100 pl/sec • 

When finally all the sample has been injected, the 
temperature of the injection zone of the packing rises 
(curve C-D) until it reaches the initial one, namely the 
steady state temperature of the injector. 

It has been noticed that, though it is preferable to adopt 
a variable injection speed according to what previously 
indicated, it is possible to run acceptable analyses by 
programming a constant injection speed of up to 200 
lil/second . " • " 

Figure 1 shows the arrangement of valves during the stages 
of injection and vaporization. As it can be noted, the 
valve 8 has. been switched off to cut out the carrier flow 
to the injector 1, the splitting valve 11 is also closed 
and the valve 6 is switched to connect the injector to 
purge line 5. The valve 10 can be indifferently in open or 
closed position, line 7 being in any case cut out by the 
valve 6 . 

After the injection and the vaporization of the solvent, 


s 
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the configuration shown in figure 2 is obtained," where the 
valve 8 is open and the valve 6 is switched in a way to 
connect the injector 1 to the second purge line 7 having 
reduced section and high, resistance. If the septum purge 
. mode is required:,; valve 10 is 'open, otherwise ' it i\ 
^.closed . " The valve .11. : is .. s till ; closed , thus: obtaining the 
classical configuration of- splitless mode ih je.ct ion . At 
this step the compounds of interest are sent to the column 
3. Once compounds of interest (that may possibly be only 
Part of those P res ent. .in the sample ) are sent to- the 
column, the valve 11 is switched to the open position, 
obtaining a splitting configuration (figure 3). 
Valves 8 and 6 are preferably actuated at a time t 
(measured from start injection) such that 

. . y . 2 s ^ t < t-splitless 

Where .. 2S meanS ,. 2 . Seconds ; the beginning of injection 

(namely from the introduction of the needle into the 
injector) and t-splitless corresponds to the time elapsed 
between the start of the injection and the opening of .the ". 
splitting line . ■'<'■■ . ; ' : . ' . 


The actuation of valves can. be synchronous, asynchronous, 
or in another preferred sequence. 


In this way it has been found possible to perform analyses 
by capillary gas chromatography of samples with liquid 
volumes such as to generate amounts of vapours not 
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containable inside the vaporization chamber, particularly 
liquid volumes up to 2 ml. Furthermore, it is possible to 
use polar solvents as well, including water, in large 
quantities. 

To carry out the process according to the invention the 
presence* of inerts A is* required to keep the sample in 
liquid phase until it evaporates,, mainly if said sample 
*has a large volume, as a function of the surface area of 
the inerts themselves. . A preferred inert is a packing of 
poly ( para-2 , 6-diphenylphenylene oxide) (Tenax - AKZCX 
Registered Trademark.)'. 

Another preferred inert is; silanised glass or quartz wool, 
e.g. in an amount of about ; 20-80 mg . 

In order to obtain the required performances of said glass 
or quartz wool, this is -preferably inactivated » f ollowing 
a process that is similar to that used for the preparation 
of glass or fused silica capillary columns. For quartz 
wool the process substantially comprises the following 
steps : 

addition to the wool of a few \xl of 8% HC1 and 
heating to 270 degrees G for one hour in closed glass 
tube; 

drying at 270 degrees C for 5 minutes under inert gas 

flow; 

- immersion in 1:2 solution of ( hexamethyldisilazane + 
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diphenyltetramethyldisilazane ) in pentane, and heating to 
320 degrees. C in closed glass tube for 24 hours ; 

washing with toluene and methanol and drying*. 
Figure .5 shows an operative embodiment of an injector for 

"; the- process according " to * t h e i nv enti on . Sai d injector 

-Gompris es-a- bo dy : I 1 — of- th e- injectpr irxsfae^ which; thi ire ^i^" 
provided a vaporization chamber la defined: ; hy /an external 
housing 19 where a calibrated glass tube 20 ( glass liner ) 
is inserted, leaving a hollow spape 21 for "splitting 

„ through duct . 1 0„ L,. as d i s c 1 o s ed ; herei n a ft e r . An - upper 
sealing gasket 22 closes the hollow space , 2 1 . The glass 
liner 20 has preferably an inner diameter within the range 
from 2 to 8 mm. Liner 20 is tapered towards, the bottom, as 
indicated by reference 13; for connection to the gas 

. chromatographic capillary column 3, constrained by a 
blocking insert 14. In the upper section, the vaporization 
chamber la has a non tapered end that is housed in a small 
block 15 for distribution of flows and washing of the 
septum, known per se. The block 15 has. a hole in 
correspondence to said septum 22* that can be pierced for 
instance by the needle 12 of a known injection syringe 4*. 

J *L a ^ s 9_ 4L^^_ c° m ?*y nic ajt i o n due ts_ in^ cor r e s p qnd e n ce t o_ „ 

carrier gas inlet and purge line outlet. 

Within glass liner 20 there is provided glass or quartz 
wool, deactivated as previously .mentioned , or the packing 
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It' should be noted that jin the . present description and irf 
the claims, "vaporization chamber" as used 'to* indicate in 
^general the seat where the sample, vaporization occurs,* in: 
the illustrated example defined by the glass liner 20. . 
Wi th*i n. bo dy> 1 V o 'f . th.e injector t.her.e^ are provided 
different ducts leading to the seat housing". the liner that, 
defines the vaporization chamber. Said clucts are a duct 25 
to feed carrier gas that is fed. at. constant pressure. Said 
duct 25 is provided with, a pressure sensor 16 whose 
function will be described hereinbelow and. with an 

* electrovalve for switching off ' the ■carrier' feed to the 
ijector . Within the body 1 \ of the injector, there is an 
exhaust line 26 for venting the solvent vapours. Line 26 
has, in proximity to its: outlet a T controlling valve 27, 
preferably a pneumatic three-way valve; The pneumatic 

-.valve 27 has two outlets, one for* solvent vapours 
discharge, or purge, directly connected to atmosphere, and 
the other, for septum purge, connected with a valve 28. 
This valve has built in a needle valve in series with a 
pin hole, pneumatically actuated on-off valve. In the low 
resistance outlet for solvent vapours discharge, 
downstream to valve 27, a detector, can be installed (e.g. 
a thermoconduct i vi ty detector) to monitor the solvent 
vaporization process by sensing the variation of solvent 
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vapours in time ... A third duct 1.0' def ines a usual 
>;splitt:ing ,1 ihe , t cl p^ed by a valve 11 . In a preferred 
-embodiment rivyalve 2 7 is Ithe three-way. valve disclosed . in 


figures 1 to 3 with, reference 6 v~ 
v :-This in jector , is^*de«a ; gnWd basis of ;,ar:system , known 

J that have the ^;p't^ ensure : : a) a nap pro p r iate 

r elimination of the /solvent vapours, thr o ii g h ; t he exhaust 
line 26 during the solvent Vaporization avoiding the 
^1 _ . _ v n ^ v „ c <? j? A e ?.! ati$ a o - ja_nd r hJ t , ji ;,m o r^i tp.ri n g£ o f , * the':- 
; evaporation process with indication of the end of the 
solvent eVapbratioh . stage in order to possibly automate, 
V the injection procedure. ,. k 

i To achieye said objects exhaust line 26. should be heated 
to lavoid any condensation of the solvent therein . Said 
heat ing is obtained by means of the , body 1* of the 
injector as well as by a special heat conducting body 18 
mounted on the upper portion of the injector, the body 18* 
■ / and body IV being possibly provided - wi th an insulating 
lining (not shown). For the same reasons , valve 27 as well 
should be heated at least in its portion near line 2 6 . 
Moreover said v alve m ust guarantee a . chemical iner tia n ot 
altering its characteristics because of the long lasting 
contact with solvent vapors and must moreover avoid the 
danger of fire for large quantities of solvent vapours 
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passing therethrough. Therefore... pneumatic .valves or. - 
special electric valves are preferable. 

In order to have a suitable elimination of vapours, line 
26 must be sufficiently wide (diameter 0 • 4 mm or more) and 
short (.30 cm or less) not to create a too high fluidic 
resistance to the solvent that has greater viscosity than 
that of the, carrier gas. 

Moreover,' in order that the process of the solvent 
evaporation does not affect the preset temperature of the 
vaporization chamber, the quantity of conveyed heat must 
be such as to prevent any reduction of the selected 
temperature. It will therefore be necessary to guarantee 
the proper amount of heat depending on the selected 
temperature, the injected quantity, the mass of the 
injector, the injector speed and the speed of heat 
transfer to the chamber. In practice, an injector body 
made of aluminium is used with two heating resistors with 
total capacity preferably exceeding 150 W. 

The monitoring of the vaporization process can be 
performed through a suitable detector located on the low 
fluidic resistance overflow line, downstream valve 27. 
Said outlet line can be connected in any suitable way to a 
detector that has the purpose of detecting when the stage 
of solvent vaporization and the elimination of solvent 
vapours is over, thus allowing an appropriate timing of 
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the process steps and their automation. . , 

At the end p f solvent evaporation, step the valve 27 is . 
switched , so as to connect purge line 26 to valve 28 and 
the cited high resistance . outlet line. The residual; 
solvent vapours present in the purge line are discharged ^ 
: JTtKrpuglT' 'thts^tlneir gen e~ f alTy^s e~d To r^ 7s ept u mV~^T^€^Y^\Yii^^"'~ : ^T'. - 
al ternati v.e or in addition' to ' the., monitoring of the 
sol vent throtigh a detector (e.g. a t he rmocohduc t i vi t y , ■ 
detector, TCD ) a second monitoring; can be foreseen through 

r r . ^ - • the pressure - sensor 16. I n f ac t , -du ri-n g the stage of the- 

solvent vaporization, a -pressure increase inside the 
vaporization chamber occurs. Said increase is recorded by 
the sensor. The end of the solvent vaporization step 
corresponds to pressure recovering its initial value that 
is detected by the sensor. Still with the purpose, of 
detecting the end of the solvent vaporization stage i it is 
possible to envisage a probe (not .shown) that detects .the 
temperature of the vaporization chamber, or the liner in 
the zone of the; injection, and the increase of said 
temperature occurring at the end of .the solvent 
vaporization stage. 

^The_ i n_ j^ept.p r„o.f_f igure „ 5_ perform s t he process of __Jt h e _i _ 

invention in the following way. 

The system is set at the selected temperature with valve 
2 7 c o nne c ted . to the low f luidic ' re sistance outlet 
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( corresponding to ref v 5 of f ig . 1-3 )' and valve s 8 : ( see' 
fig.l) and 11 closed. The sample is injected in a 
controlled way as indicated above. If a large sample 
amount is injected, it is preferable to monitor the 
solvent evaporation to select the most appropriate, time to 
switch on valve 8 and switch valve 27 to high fluidic 
restance line and valve 28. In such a case, solvent 
evaporation is monitored by means of the cited systems 
(TCD detector and/or pressure sensor 16. and/or temperature 
probe). In absence of said systems monitoring is carried 
out in an experimental way. At the end of the evaporation 
step, the step of sample transfer begins, preferably after 
valve 8 is opened and valve 27 is switched to the high 
resistance line. The transfer time (splitless time) is 
evaluated in a way similar to the process used in the 
conventional splitless injection, then opening the 
splitting valve 11 when the most high-boiling compounds 
have reached the capillary column. In such a way, the 
total splitless (injection) time is equivalent to the 
solvent vaporization time (t VAP ) plus the transfer time 
under splitless conditions (t TR) . 

Alternatively to what described above, it is possible to 
use vacuum applied at the low resistance outlet (5) of 
duct 26 (i.e. to solvent vapours exhaust line) to 
accelerate the solvent vaporization and to prevent solvent 
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. r vapours from entering the capillary column. The vacuum is 
' automatically removed when the valve 21 is switched from 
the solvent vapours exhaust, outlet to the septum purge, 
■outlet.. : '. • , : • * • " •• - - 

The operation of pn-off valve 8, to avoid penetration of 
: sol vent;; vapours „into d iict' 5 ; ~ c"a h ^ 1 s 6 be carried but 
c automatically in/ .con sequence of the moni toring of said ; 
1 step . . • ■ ■ - /. / ^ ...'.* \ 

. Figure 6 . shows 1 a modified embodiment of the invention, in* 
. which the carrier gas valve 5' can be switched to send a 
carrier gas flow to a duct 30 connected to the lower 
portion of the vaporization chamber in order to have said 
carrier gas moving upwards in a , backf lushing mode, so as 
to wash the chamber and sweep away the heavy compounds 
possibly not to be analysed through GC column. 
^ Figure 7 illustrates a chromatogram obtained by injecting " 

a sample of 150 microliters of phenols mixture in water 
r . with a concentration of ... 90-400 pg/jil , according to the 
process of the present invention. 

Figures 8 and 9 are two, ehromatograms obtained starting 
from the above phenol mixture in methylene chloride, 
injected in 1 . 2 jil amount , with "cone ent ration of 100-500 
pg/uli according to the conventional technique (fig. 8) 
and in 300 jil amount, with concentration of 1-5 pg/yl 
according ; to the , technique of the present invention (fig. 
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~ r 9 ) v In the chromatograms-, reference numbers indicate: 

1: phenol; 2: 2-chlorophenol ; 3: 2-ni trophenol ; 4: 2,4- 
dimethylphenol ; 5 : 2 , 4 -dichlorophenol ; 6: naphthalene; 7: 
3-methyl^4-chlorophenol ; 8: 2 , 4 » 5-trichlorophenol ; 9: 2,4- 
dinitrophenol ; 10: 4-nitrophenol ; 11: 2-methyl-4 , 6- 
dinitrophenol ; 12: pehtachlorophenol ; 13: phenanthr^ne . 
Operative conditions were as follows: 

- splitless injection time = 180 seconds 
* ■ - carrier fluid = helium 

carrier flow rate = 1.5 ml/min 

- injector temperature = 300 *C 

GC detector = Flame Ionization (320 *C)* 

- temperature program of the oven = fig. 7 : 1 1 6 * C (2 rain ) 
at 10 *C/min up to 280 *C (2 min); fig. 8 : 50 *C (2 min) 
up to 250 *C ; fig . 9 :, 70 # C (2 min) up to 250 \C . 

The comparison between the two chromatograms represented 
-in figures 8 and 9 immediately shows the ease of 
determination, in the second one, of compounds present in 
traces in the sample. 
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C L A I M S ' : . . 
1. A- process;, to perform a capillary column gas 

.chromatographic analysis of the type ^comprising the 
vaporisation injection of the sample in a heated injector 
containing, packing material , characterized in .that, it 
comprises the, step>s of: ; 1 

^ -heating, said . injector at a temperature sufficient for 
^-vaporization and fully transfer into s^aid capillary column 
of the most high-boil ing part of the sample to be 
analysed; closing the carrier gas feeding to said 
v'in jec.tor ; select ing and /or programming an injection speed 
within the range . from 1 to 500 lil/sec; performing the 
sample injection at the selected programmed speed ; 
discharging vapours formed through vapour- discharge means 
present in said injector ; modifying the flow rate through; 
said vapour discharge means and feeding again the injector 
'yii th ,'said carrier "gas when the^eviapora^ion of the solvent 
is substantially over, in order to transfer the compounds 
to be analysed from' said injector to a gas chromatographic 
capillary column . 

2. Process according to claim 1, wherein said speed is 
programmed at a value within the range from 10 iil/s and 
200 ul/s, : , \~ 

3. Process according to claim 1 or. 2, wherein a variable 
injection speed is programmed., to' comprise ( a first step of 
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sample introduction at a speed sufficient to cool at least 
the injection zone of said sample and a second step of 
injection at constant speed.. 

4. Process according to claim 2, wherein a constant 
injection speed is selected and/or programmed. 

5. Process according to any previous claim, wherein at 
the end of the transfer of said compounds to be analysed 
to said column, said injector is connected to a splitting 
line opened to the atmosphere. 

6. Process according to claim 5, wherein the flow rate 
through said vapour discharge means is decreased and/or 
said carrier gas is again fed to the injector at a time t 
corresponding to 

2 s ^ t < t-splitless 
where 2s means two seconds from the beginning of the 
injection and t-splitless is. the time elapsed from the 
injection start to the opening of the splitting line. 

7. A gaschromatographic injector device for injection of 
samples having compounds dissolved in liquid solvent 
means, comprising: a vaporization chamber closed by a 
septum and connected, on the opposite side, to a gas 
chromatographic column; heating means for heating said 
chamber; inlet means to feed carrier gas to the upper 
portion of said chamber; vapour discharge means connected 
to the upper portion of said chamber to discharge vapors 
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of said solvent and comprising an exhaust line; t inert 
packing' material or liquid intercept ing means .having 
reduced thermal mass -located within said vaporization 
chamber; second heating f means to heat the upper portion of 
the in j e c to r , th e s eptum and; .a f irs t p qrt ip n o f the 
exhaust duct at,: a t e mp era ,t lire h i g he r t h a n , th a t of 
recondensat ion. of the solvent -vapours, " - 

8v - 1 n jector de v i c e a c c o r d i ng 7 1 6 c 1 a i m 7 , • where i ri said 
: -second heating means comprise a block of a heat conducting 
material, in thermal exchange with at least the greatest 
length of said exhaust line, with the upper portion of the 
injector and with the first r heating means . ' 

9 . Injector according to claim 8 , having an insulating 
lining .on the external surface of* at least /one. of the 
blocks made of heat conducting material . ' r . , 
10. Injector according to claim 7, wherein a three-way 
control valve is associated with said exhaust line, said 
valve having heating means to be heated at temperature., 
higher than that of recondensat ion of the solvent vapours , 
and having a first outlet with reduced fluidic resistance 
and a second outlet having " a greater f luidic resistance , 
one or both outlets being connectable to a vacuum source. 


11. Injector according to one of the claims 7 to 10, 
wherein said exhaust line has an inner diameter within the 
range from 0.4 to 2 mm and a length, of 30 centimeters or 
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less. • - * . " ' 

12. Injector according to any claim .7 to 11, wherein the 
vaporization chamber has an inner diameter within the 
range from 2 to 8 mm. 

13. Injector according to any claim 7 to 12, comprising 
means for detecting the. end of the step of solvent 
evaporation and discharge j t selected from a detector 
located downstream to the exhaust line, a pressure, sensor 
located on the duct feeding carrier gas to the 
vaporization chamber, and a temperature sensor located 
within the vaporization chamber, adjacent to the sample 
injection point. 

14. Injector according to claim 13,. .wherein said detector 
is a thermal conductivity detector. 

15. Injector according to any claim 7 to 14, comprising a 
valve to control the carrier gas feeding, acting on the 
relevant duct. 

16. Injector according to any claim 7 to 15, wherein said 
inerts are selected from deactivated glass or quartz wool 
and a packing material having effect of chromatographic 
re ten t ion . 

17. Injector according to claim 16, wherein said packing 
material is poly ( para-2 , 6-diphenyiphenylene oxide) (Tehax 
- AKZO Registered Trademark). 

18. Injector according to any claim 7 to 17, comprising a 


WO 94/28409 


PCT7EP94/01624 


splitting, line connected to the vaporization chamber and 
controlled by valve means, capable of determining the 
closure, thereof. 


*> ; T*- i ~ 
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